This study was conducted to evaluate the effects of different levels from Nigella sativa oil on growth performance and feed utilization and comparison of different nonlinear functions against linear model to describe the growth curve in Nile tilapia in order to select the best function. Nigella sativa oil was added at 1 ml, 2ml and 3 ml /1010 g diet to Nile tilapia diets based control diet and each diet was fed in two replicates during the period from 21/10/2014 to 7/4/2015.Winter experiment started at 27/1/2015 as the amount of feed decreased to be 5 g /tank every 2 days to study the effect of Nigella sativa oil on fish resistance to the decrease in bodyweight during winter season. Nigella sativa oil in Tilapia rations had significant effect on the different body weights. Specific growth rate did not affect significantly by elevated Nigella sativa oil levels except specific growth rate between 8 and 10 weeks (p=0.050), also, condition factor did not affect significantly except initial condition factor and after 12, 14, 16 and 22 weeks. Increasing the level of Nigella sativa oil in fish diet improved body length and body depth significantly. Furthermore, Nigella sativa oil had significant effect on feed intake and feed conversion ratio. In connection to non linear models and growth curve description, Weibull and Morgan-Mercer-Flodin equations gave the highest accuracies followed by Von Bertalanffy and linear regression. The present results showed that inclusion of Nigella sativa oil in Nile tilapia (Oreochromis niloticus) diets improved growth performance and feed utilization relatively. Regarding growth curve, Weibull and Morgan-Mercer-Flodin models were the best equations to describe growth curve.
INTRODUCTION
The ability of tilapia (Oreochromis niloticus) to reproduce easily, environmental stress tolerate and grow at a fast rate has made it an important fish in aquaculture production (El-Sayed, 2006) . In Southeast Asia and Middle East Nigella sativa plants were used to promote fight disease and health. It is called Kalonji in South Asia and its Arabic name is Habat-ul-Sauda, while its English name is Black cumin (Nadkarni, 1976) .The active constituents of Nigella sativa are volatile oil, P-cymene, d-limonene, terpene and unsaturated ketone (Kapoor,1990) . Nowadays, medicinal herbs are becoming more popular than ever before as far as the possible adverse effects of synthetic drugs are concerned (Rawling et al., 2009; Bilen et al., 2011 Bilen et al., , 2013 Bilen et al., and 2014 . Several studies demonstrated positive effect of medical herbs and oil on growth performance and feed utilization in different types of fish (Dias, 2002; Metwally, 2009; Abdelwahab and El-Bahr, 2012; Sönmez et al., 2015) .In connection to growth curve, numerous growth equations have been fitted to describe the nonlinear relationship between growth and age of animal such as Brody, Morgan-Mercer-Flodin, weibull, Gompertz, Logistic and Von Bertalanffy models (Tekel et al,2005; Tariq et al., 2013; Sieklicki et al., 2016) .The objective of the present study is to investigate the effect of different dietry levels of Nigella sativa oil on growth performance and feed utilization in Nile tilapia (Oreochromis niloticus) and comparison of different nonlinear functions to describe growth curve against linear function.
MATERIALS AND METHODS

Experimental design and procedure:
This experiment was carried out at Animal Production Laboratory, Animal Production Department; Faculty of Agriculture, Damietta University during the period from 21/10/2014 to 7/4/2015.Winter experiment started at 27/1/2015 as the amount of feed decreased to be 5 g/ tank every 2 days. A total of 8 experimental fiberglass tanks were used in the present study with dimensions 70 cm length, 30 cm width and 50 cm height with capacity about 60 liters of water. Oxygen supply was through compressor air. Tanks are cleaned twice weekly before partial replacing (75%) of water for removing the faeces.
The water source was Chlorine-free tap water. The lighting period in lab was 12 hours. A total of 120 Nile tilapia (Oreochromis niloticus) fingerlings were obtained from special hatchery located in Faraskour-Damietta and divided to four groups (two replicates treatment) and distributed to the tanks (15 fingerlings in each tank).
Experimental diets:
Four experimental diets were mixed as following: 1-Control treatment contained 800 g diet (21% protein) +200 g fish powder (65% protein) +10 g black honey. 2-TR1 contained 800 g diet (21% protein) +200 g fish powder (65% protein)) +10 g black honey + 1 ml Nigella sativa oil. 3-TR2 contained 800 g diet (21% protein) +200 g fish powder (65% protein) +10 g black honey + 2 ml Nigella sativa oil. 4-TR3 contained 800 g diet (21% protein) +200 g fish powder (65% protein) +10 g black honey + 3 ml Nigella sativa oil. Fish powder was imported from china. Biscuit machine was used to convert the mixture to granules with diameter 3 ml and the drying was aerobic. Feed amounts were adjusted according to body weight and total number of fish / tank. Daily feed ration was calculated according to the following formula Where DFR = daily feed ration; MBW = mean body weight; N= number of the fish and FR= feeding rate.
Proximate analysis for tested diets:
Chemical composition of experimental diets fed to Nile tilapia (Oreochromis niloticus) was recorded in Table  1 . The tested diet for each treatment was chemically analyzed for protein, moisture, fat and ash according to standard methods of AOAC (1990) . Crude fiber was determined according to Goering and Soest (1970) . 
Fish performance:
Body weight, body length and body depth were taken every 15 day. Specific growth rate was described according to Sveier et al. (2000) , while condition factor was calculated according to Eyo and Ekanem (2011) as following:
Specific growth rate (SGR, % / day) = (log W2 -logW1/T2-T1) x 100. Feed intake (FI) is the total feed consumed (g) during experimental period.
Condition factor= {(W/L
Feed conversion ratio (FCR) = FI / WG.
Statistical analysis:
The obtained data were statistically analyzed according to PROC ANOVA using the Statistical Analysis System (SAS, 2012) to test the effect of different treatments on body weight, body length, body depth, specific growth rate, condition factor, feed consumed, feed intake and feed conversion ratio. The differences between means were detected by Duncan`s Multiple Range Test (Duncan, 1955) .
Three non linear growth functions and linear regression model had been used to describe the changes in growth curve with time under the effect of adding different levels from Nigella sativa oil in tilapia diets. The mathematical relations of these equations are:
Von Bertalanffy: Wt=A (1-exp (-k (t-l)). Weibull: Wt=A-(A-B) exp (-(kt)δ ). Morgan-Mercer-Flodin: Wt=A-((A-B)/(1+(kt)δ )). Where: Wt is the live body weight at time t of tilapia fish; k is the rate of maturing; A is the asymptotic weight when age approaches infinity; l is the ordinate of the inflection point; B is the lower asymptote and δ is the parameter that controls the point of inflection.
RESULTS AND DISCUSSION
Body weights:
As presented in Table 2 , adding different levels from Nigella sativa oil in Tilapia rations had significant effect on the different body weights, except initial body weight and body weight after 2 weeks. Higher level from Nigella sativa oil (3ml) coupled with higher body weight followed by the level of 2ml and 1ml may be due to its antimicrobial effect and the abundance of essential amino acids which satisfy fish requirements as reported by Amal (1997) .The difference between control diet and diet with 1ml Nigella sativa oil was not significant (P>0.05) for all body weights except after 6 and 8 weeks that showed significant differences (P≤0.05) in favor of diet with 1ml Nigella sativa oil. Body weights after 18, 20 and 22 weeks on diets with 2ml and 3ml Nigella sativa oil; after 20 and 22 weeks in diets with 1ml Nigella sativa oil and after 22 weeks in control diet decreased compared to the previous weights in sorting may be due to over-wintering regimes. The present results correspond with Abdelwahab and El-Bahr (2012) as they found significant influence of Black cumin seed and Turmeric mixture on body weight gain in Asian sea bass. Also, Qatnan and Al-Owafeir (2014) showed significant differences in final weights for Nile tilapia under the effect of different levels from Nigella sativa (0, 5, 10 and 20 g/kg). Concerning other medical oils and its effects on body weights in freshwater fish, Ayisi et al. (2017) obtained significant effect for palm oil on growth performance of Nile Tilapia. Sonmez et al. (2015) reported significant differences in final body weight between control diet and the diets with different levels from sage oils (0.5, 1 and 1.5%) in rainbow trout fingerlings. Regarding medical herbs, Dias (2002) and Metwally (2009) reported that using of garlic resulted in improving the growth performance of Oreochromis niloticus fingerlings and Tilapia nilotica, respectively.
Specific growth rate:
Results in Table 3 revealed that all specific growth rate estimates was not significantly affected by adding different level from Nigella sativa oil (P>0.05), except specific growth rate between 8 and 10 weeks (P=0 .050) what in accordance with the statements of Al-Dubakel et al. (2012) , they found non significant differences in specific growth rate under the effect of different levels from Nigella sativa oil (0, 1 and 3%) in a study conducted on common carp (Cyprinus carpio) fingerlings. In contrast; Abdelwahab and El-Bahr (2012) in a study conducted on Asian sea bass found significant differences in specific growth rate (P≤0.05) with increasing the levels of Black cumin seed (Nigella sativa) and Turmeric mixture in fish diets being at range from 1.77% to 1.93% . Higher specific growth rates were in primary ages of fish due to the good response to feeding in this period. Fish fed diets with 2 and 3 ml Nigella sativa oil decreased in weight during winter experimental faster than those fed diets with 1 ml Nigella sativa oil and control diet as negative signs were showed with the last three estimates for the diets with 2ml and 3ml Nigella sativa oil and with last two estimates for the diet with 1ml Nigella sativa oil and with the final estimate in control treatment as a consequence of feeding behavior in fish during winter season. Khattab (2001) reported that the highest estimate of average specific growth rate was recorded in group reared on diets with 10% black seed cake (Nigella sativa). Regarding other medical herbs and oils, Sahu et al. (2008) reported significant increase in specific growth rate in Labeo rohita fingerlings fed diets contained four levels from turmeric (0.1, 0.5, 1.0 and 5g ). Altundag et al (2014) reported significant differences in specific growth rate in favor of diets contained sun flower oil (0.65%) compared to diets contained fish oil (0.58%) in a study on turbot (Psetta maxima).
Condition factor:
Results in Table 4 clearly demonstrated that adding different doses from Nigella sativa oil had no significant effect on condition factor, except initial condition factor and after 12, 14, 16 and 22 weeks . Concerning other medical oils, Ayisi et al. (2017) used four levels from palm oil (0, 2%, 4%, 6% and 8%) and did not find significant differences in condition factor in different treatments (1.88, 1.92, 2.00, 2.00, and 1.87, respectively). Also, Diler et al. (2017) did not record significant differences in condition factor in a study on oregano (Origanum onites L.) in rainbow trout (1.24, 1.25, 1.23, 1.23 and 1.24 for control, 0.125 ml kg−1, 1.5 ml kg−1, 2.5 ml kg−1 and 3.0 ml kg−1, respectively). 
Body length:
The effects of elevated dietary Nigella sativa oil levels on all body length estimates were significant during experimental trail, except initial body length and after 2, 10 and 20 weeks. Non significant differences (P>0.05) were showed between control diets and diets with 1ml Nigella sativa oil except after 6 and 8 week showed significant differences (P≤0.05) in favor of diet with 1ml Nigella sativa oil (Table 5) . Regarding medical herbs, Nwabueze (2012) used different concentration from garlic and showed a slight differences in body length of Clarias gariepinus fingerlings but did not differ significantly (P>0.05). 
Body depth:
As showed in Table 6 , adding different levels from Nigella sativa oil in tilapia diets had significant effect (P≤0.001) on all estimates except initial body depth and after 2 and 20 weeks. Higher level from Nigella sativa oil (3ml) coupled with higher body length followed by the level of 2ml and 1ml. The differences between control diet and diet with 1ml Nigella sativa oil were not significant (P>0.05) for all body depth estimates, except after 8 weeks showed significant differences (P≤0.05) in favor of diet with 1ml Nigella sativa oil. The loses in body depth during winter period were on line with that observed in body weight [Last three estimates in diet with 2ml and 3 ml Nigella sativa oil; last two estimates in diet with 1ml Nigella sativa oil and last estimate in control diet] may be due to the losses in belly fat.
Feed utilization:
It is clearly appears that feed intake (Table 7) increased with increasing the level of Nigella sativa oil in tested diets. With regard to feed conversion ratio, significant differences were showed between all tested diets, being at range from 1.670± 0.041 for control diet to 2.153±0.084 in ration with 3 ml Nigella sativa oil. The present results comply with Qatnan and AlOwafeir (2014), they found significant differences in feed conversion ratio for tilapia fish, being at range from 1.12 to 3.73 under the effect of different levels from black seed meal. Contradictory results were showed by Khattab (2001) who found non significant differences in feed conversion ratio for tilapia fish under the effect of adding black seed meal in tested diets, also Abdelwahab and El-Bahr (2012) came to same conclusion in a study on Asian sea bass.
Growth curve:
Different non linear functions were used to describe growth curve in the present study such as Von Bertalanffy model, Weibull model and Morgan-Mercer-Flodin model in addition to linear model. Different authors in different studies reported that non linear models gave highest accuracies in the description of growth curve (Esenbuğa et al., 2000; Lewis et al., 2002; Bilgin and Esenbuga, 2003; Topal et al., 2004; Tekel et al, 2005; Tariq et al., 2013 and Sieklicki et al., 2016) .
Results in Table 8 showed the different parameters along with their standard error for different growth models fitted to body weight in Nile tilapia (Oreochromis niloticus) reared on diets with different levels from Nigella sativa oil. Sieklicki et al. (2016) reported that the knowledge of the different parameters for non linear models is very important to establish specific feeding managements and determine the marketing age.
Concerning control treatment, K parameter which shows the maturating rate was at range 0.0073±0.003 (Von Bertalanffy) to 0.0157±0.001 (Morgan-Mercer-Flodin), while l parameter which shows the ordinate of the inflection point was -31.415±11.466 (Von Bertalanffy model). 1, 2, 3, 4, 5, 6, 7 and 8 show the fitted curves for Moran-Mercer-Flodin, Von Bertalanffy, and Linear and Weibull models against the observed values of body weight. From these figures it is evident that Weiblull growth curve followed by Moran-Mercer-Flodin curve and Von Bertalanffy curve predicted the values of body weight better than linear regression model in all experimental diets. Morgan-Mercer-Flodin and Weibull curves are the best curves as they took the optimum shape of biological growth curve which take S shape as growth evolution from period to another is nonlinear compared to linear regression curve that took line shape (Ibáñez-Escriche and Blasco, 2011). Fernanda et al. (2015) used non linear model (Gompertz) to describe the growth curve in males and females in Colossoma macropomum and showed that growth curve took S shape in both sexes from the birth up to 1000 day and the equations were formulated as W=5010*EXP(-EXP((-0.00507*(t-488))))and W= 4641* EXP (-EXP ((-0.00507*(t-474.7)))) in females and males respectively. Maunder et al. (2017) reported that growth Cessation curve was better than Richards and Von Bertalanffy curves in bigeye tuna (Thunnus obesus). Results in Table 9 presented the goodness of fit measures for different growth models fitted to body weight in Nile tilapia (Oreochromis niloticus) reared on diets with different levels from Nigella sativa oil according to coefficient of determination and the mean standard errors. Weibull and Morgan-Mercer-Flodin models were the best equations to describe growth curve in Nile tilapia as they gave higher accuracies followed by Von Bertalanffy and linear regression. The present result agreed with Al-Anbari et al. (2013) who found that non linear models were higher in their accuracies in the description of growth curve than linear model as the mean standard error was 58463.46 for linear regression model and decreased to be 637.11 for weighted least square growth function. 
CONCLUSION
The present results concluded that inclusion of Nigella sativa oil in Nile tilapia (Oreochromis niloticus) diets improved growth performance and feed utilization relatively at 3 ml concentrate. For growth curve description under the effect of different treatments, Weibull and Morgan-Mercer-Flodin models were the best equations to describe growth curve in Nile tilapia followed by Von Bertalanffy and linear regression.
